This paper examines some of the potential impacts of introducing a cap and share scheme in Ireland, whereby a cap or limit is placed on national CO 2 emissions and individuals are allocated an annual CO 2 allowance. The research presented in this paper focuses on travel-toworks trips specifically. CO 2 emissions for these annual work trips are calculated and a cap is determined based on these results. Cap levels are set based on average emissions and a 20% reduction in average emissions as per Ireland's reduction targets. A national and Dublin only cap are examined and the results are presented as a means of comparison. Binary logistic models are used to determine the socio-economic characteristics of individuals who fall above and below the cap. The results demonstrate the importance of car ownership, journey distance, mode choice, and household composition in determining whether a commuter is above or below a cap. Many commuters who fall above the cap are likely drive to work over long distances, have dependent children in their household and own more than one car.
Introduction
Cap and share schemes set a limit on the quantity of green house gases (GHG), which can be emitted in an economy annually. This cap is enforced by issuing permits to GHG emitters in the economy. If an entity exceeds their allowance they can purchase permits from entities that have a surplus. This creates a market for GHG's that is operated and regulated by government. The different configurations of such schemes are discussed in more detail in the subsequent sections. Under Kyoto guidelines, Ireland's GHG emissions must not exceed 1990 levels by more than 12% by 2012. In 2008, Environmental Protection Agency (EPA) published a report that annual emissions were reducing but not at a fast enough rate to meet Kyoto targets in 2012 (EPA, 2008) . The Irish government has outlined a number of policy objectives to promote sustainability to meet Kyoto targets (Department of Transport, 2009), particularly in public transportation. These objectives include alleviating urban sprawl by limiting single house developments whilst promoting sustainable high density developments, investing significantly in public transportation and promoting work at home policies such as e-working.
The Irish government has also commissioned a number of reports into the viability of a cap and share scheme. Research has focused on the national implementation of an emissions cap across all sectors of the economy. This paper will investigate the impact of a individuals to emit CO 2 equally to transport uses. Research in the transportation sector is limited, with many authors suggesting a cap on household energy use only. This is ignoring the importance of the transport sector's contribution to GHG emissions. The Sustainable Development Council (2008) recommended an initial cap on the transport sector applied downstream. This cap was compared to other carbon reduction measures and the potential effects of a cap were discussed. A minority of lower income households were predicted to be worse off from such a scheme and inequities between rural and urban dwellers were predicted to arise. A research requirement arises in studying the effects of the inequalities created by cap and share. The Sustainable Development Council report did not outline the important socio-economic characteristics of individuals who would be affected by the cap, instead concentrating on comparing income groups across the economy. This paper will investigate the relevant socio-economic groups. Recent research has dealt somewhat with socioeconomic and equity issues. Wadud (2010) found that the majority of allocation strategies were progressive. A caveat of this conclusion was that the effects on poor rural commuters were most likely regressive without allocations being adjusted accordingly. Raux and Marlot (2005) stressed the importance of an equal allocation of CO 2 permits to mitigate equity issues together with a tailored allocation of permits based on socio-economic characteristics. Recent literature has suggested further research is needed in the area of cap and share and associated energy poverty and equity issues (Brand and Preston, 2010) . This paper does not deal with the technical implementation of a national cap rather it studies the socio-economic impacts effects of a cap on the daily trip to work.
Methodology
The dataset used in this paper is a subset of the Irish Census of Population, 2006 relating to people's daily trips to work, school and college. This dataset is named the place of work census of anonymised records (POWCAR). It contains information on trips of 1,834,472 individuals in Ireland. It is the most extensive national travel dataset available at present in the country. This dataset also contains information on the distance travelled, socio-economic grouping, occupation, household structure, and modes of transport. As this paper is concerned with a potential cap on personal travel emissions, a method for calculating individual's annual emissions must be determined initially. Once this is calculated a cap can be set on emissions. Regression analysis can then be used to study the socio-economic characteristics of individuals who lie above this level.
Emissions Estimation
This section of the paper presents the methods by which the relevant CO 2 emissions were estimated. Emission factors calculated in Walsh et al. (2008) are used in this particular paper. These Irish emission factors are inclusive of average peak hour occupancy rates for the relevant modes of public transport and are measured in kilograms of CO 2 per passenger kilometre. Emission factors for motorized transport are calculated based on fuel consumption for a range of engine sizes. Emission factors for electric powered public transport are calculated based on energy usage converted to carbon and distance travelled per year. These factors are presented in Table 1 . Walsh et al. (2008) The following equation was used to calculate the CO 2 emissions generated by travel-to-work trips,
Equation 1
where VKM is the total number of kilometres travelled by the mode of transport in question and EF is the emission factor per passenger kilometres travelled by that mode. This was then doubled to calculate the emissions for a return journey and multiplied by 215 to calculate annual emissions. This figure of 215 days is the average working year in Ireland. Average emissions can be calculated and a potential cap on personal emissions set.
Setting the Cap
The cap levels chosen in this case is based on the emissions calculations only as a starting point to determine the potential socio-economic characteristics of individuals above and below the cap. An average emissions level was chosen as the measure of the cap, which is inline with previous studies, as it enables and analyses socio-economic characteristics of those above and below the cap. As the data used in this paper is taken from the 2006 Census, the cap is set at 2006 emissions levels. The potential allocation of permits to individuals would be distributed at zero cost and equally to all users of transport as has been recommended in previous literature. The initial cap in the model for both the Dublin and the national datasets is set at the average annual emissions calculated. The cap is then lowered by 20% in both datasets. The purpose of lowering the cap is to ascertain if Ireland is to meet its GHG targets, which would result in approximately a 20% cut in 2006 GHG levels, how this would impact upon society, and what sectors would be most impacted. Two caps are examined in this paper: a national cap and a Dublin only cap. This results in eight subsections of the population being examined -those above and below the average cap and those above and below average cap less 20% both nationally and in the Dublin only model. Table 2 presents the percentage of commuters who would fall above and below a cap. A cap based on average emissions calculated would leave 31% of commuters above the cap in Dublin, which is higher than the national average of 26%. Lowering the cap further by 20% would leave 36% of commuters above the cap in Dublin compared to 32% nationally. or 16% of all drive alone trips were above the cap in Dublin per annum. Nationally it was found the over 64million drive alone trips per annum (30%) were above the cap. It was found that nationally 89% (20million) of all lorry or van trips we found to be above the cap.
Of the public transport modes examined rail trips were the only trips found to be in some cases over the cap limit. The results show that 11% of rail trips nationally were over the cap limit whereas just 5% of these trips in Dublin were above the cap limit. 
Equation 2
where is the model constant and are the parameter estimates for the set of socioeconomic independent variables ( ,i = 1,…,n).
is the predicted probability of the event which takes binary values of 1 (continue analysis) or 0 (stop the analysis). Thus when an independent variable increases by one unit, all other factors remain constant as shown in equation 3.
Equation 3
! The factor is the odd ratio (OR) ranging from zero to infinity. It indicates the relative amount by which the odds of the outcome increases or decreases when the value of 
Equation 4
The Z-value is then squared, creating a Wald statistic with a chi-squared distribution. Table 3 presents the set of independent variables estimated in the logistic model. In this case four models are estimated, two each for the national dataset and Dublin dataset. Two models are based on a cap calculated from average annual emissions and two based on average annual emissions less 20%. Table 3 defines each of the variables examined in the logit models. 
RESULTS AND ANALYSIS

Setting the cap
This section of the paper presents the results of the various analyses carried out. Table 4 presents the annual emissions calculated for trips in Dublin city. As expected driving a car accounts for the bulk of emissions due to 50% of trips being taken by car. Table 5 presents a breakdown of commute travel for the national dataset and the Dublin sample. The percentage difference column (D) represents Dublin having a higher percentage of total modal share while (N) represents the national figure being higher. Driving accounts for 58.1% of trips nationally while 9% use public transport. Driving a car in Dublin accounts for 49% of trips in comparison to 21.8% of trips made by public transport. This result is much higher than the national average due to the availability of public transport in Dublin city. Another interesting result is that nationally more people work from home (3.1%) than in Dublin (1.5%). Table 6 presents the average emissions per commuter on a daily and annual basis. As is expected average emissions per capita are lower in Dublin city compared to the national average. These values will be used as the base point to set the cap in the model. Table 7 presents descriptive statistics associated with the variables of interest across the four models. The number of individuals above and below the cap is tabulated and each subgroup's percentage share of the total number of commuters is also tabulated. The majority of commuters who travel less than 10km regardless of the mode of transport used would be under a cap based on average emissions and a cap lowered by 20%. These individuals account for over 50% of trips in the dataset representing a sizable proportion of individuals who would not be affected by the introduction of a cap. This result demonstrates that distance travelled, as one would expect, has the greatest impact on if an individual is above or below the cap. The age profile of the largest group above the cap is 25-34 year olds. However, the majority of this age group were found to be under the cap at both levels nationally and in Dublin.
Descriptive statistics
The gender variable shows more males falling above the cap than females across all four models; this was shown to be highest in the Dublin results. The socio-economic group variables relate to the professions of the individuals examined. The results show little difference in the breakdown of individuals above and below the cap. Employers & managers are consistently the largest group above the cap, particularly in Dublin. Non-manual workers are shown to be the largest group of individuals consistently under the cap.
The cars/vans variable shows that the largest group above the cap are commuters who own two vehicles. The largest groups below the cap are commuters owning one vehicle, as one would expect. Household composition is an important variable in determining the socioeconomic characteristics of individuals. An individual's travel behaviour will inevitably be constrained by the number of dependent children present and this is evident in the results. The largest group above the cap in all four models are couples with dependent children. The means of travel variable shows that the vast majority of commuters drive to work. However, the majority of drivers fall below the cap. This indicates that many journeys are over short distances. One of the variables that would have been desirable to examine in this section is individuals' income. Unfortunately this variable is not provided in the POWCAR dataset and therefore it is not possible to draw conclusions on how income might impact the cap and share scheme. 
Logit model results
This section of the paper examines the characteristics of people who fall above the average emission cap and the average cap lowered by 20% on both the national and Dublin datasets. Presented in Table 8 are the results of the four models estimated. R 2 values are adequately high across all four models, with slightly lower values for the Dublin models which may be due to the smaller dataset used.
The socio-economic group variables are the first set of variables examined. A national cap based on average emissions finds that only three categories of employment would be below a cap. These are higher professionals, lower professionals and non-manual workers are likely to be below a cap. The majority of individuals would be above the cap. When the cap is lowered the results show that manual skilled and semi-skilled workers are likely to fall below the cap. The results for the Dublin models follow the same trends as the national model with the exception of unskilled workers being shown to be below the cap for both of the caps estimated. The gender variable shows that males are more likely to be above the cap across all four models. However the coefficients are lower for Dublin compared to the national average.
The household composition variables are all highly significant across the four models with positive coefficients suggesting the majority of families would be above a cap. The only exception to this finding is in Dublin, where couples with no dependent children are not likely to be above a cap.
The age variable demonstrates a clear generational difference. As would be expected the 15-24 age group has a negative coefficient across all four groups suggesting this group would be below any potential cap. All other age groups are likely to be above a cap with the exception of the 25-34 age group in model 3. This group has a slightly negative coefficient, however concluding this group would be below a potential cap is not conclusive due to the insignificant p-value of .915. The distance travelled variable is also highly significant across 3 of the 4 groups. Commuters who travel less than 3km per trip are highly unlikely to be above any potential cap across all four models. These coefficients become less negative as commuters distance travelled increases suggesting the chance of being above a cap increases with distance travelled. The results for model 4 in this case are inconclusive due to the insignificance of the majority of variables.
As expected, people owning cars or vans are likely to be above any potential cap across all four models. The positive coefficients associated with each variable increase as the number of cars per household increases, increasing the likelihood of being above a cap. The results presented in Table 8 demonstrate the importance of owning a car and driving long distances to work as the main socio-economic characteristics associated with commuters who fell above the cap across all four models. Moreover individuals in certain socio-economic groupings and in the higher age groups were shown to be most negatively impacted by the cap. Under a cap and share scheme it is this section of society that would have to pay a price for higher emissions. 
Conclusions and discussion
The introduction of a cap and share scheme is one of a number of proposals currently being considering by policymakers to reduce GHG emissions. Ireland, like many other countries, is currently searching for the appropriate policies to reduce emissions from transport and move individuals more sustainable modes of transport. Other policies currently under consideration include the promotion of walking and cycling, the introduction of new public transport services, the electrification of the private car fleet and the introduction of road pricing. One of the benefits that a downstream cap and share scheme policy, as presented in this paper, has over these other policies is that at the it uses tangible and financial benefits and costs to encourage behavioural change. Another benefit of a cap and share scheme is that it would provide individuals with real information on market value of carbon emissions of their trips and this could be used as a tool to encourage the use of alternative modes of transport. The research presented in this paper provides an indication to the possible impacts of a cap and share scheme. While such a scheme has many benefits, implementing a cap and share scheme like the one proposed in this paper has a number of obstacles and further research needs to be conducted in this area. One of the main technical barriers to implementing this scheme is to obtain a reliable, accurate and cost effective method of collecting information on individuals' trips to measure the emissions per individual. A second large technical barrier is to develop a market personalised emissions trading, on which individuals that go above their allocated allowance are able to purchase unused allocations from others. The creation of such a market and the associated transaction cost also inhibit the development of this policy. Further research on the cost effectiveness of a cap and share scheme would inform the debate in this area and enable policymakers to compare the costs and benefits of this scheme with alternative policy options.
The results presented in this paper provide a useful indicator of the effects of a cap and share scheme in a small country. Larger families and those constrained to using a car as their primary mode of transport are the socio-economic groups most significantly affected by the introduction of a cap. This is particularly true of rural families with no access to alternative forms of transport. Theses equity impacts on which travellers are likely to be worse affected need to be addressed to ensure the scheme is equitable. With this in mind future research will need to determine the potential equity effects of the transfer of wealth created by a cap and share scheme and the merits of introducing a Dublin only cap as opposed to a national cap based on the above findings. Extending the research beyond commuting trips to non-work relating travel would also give a clearer conclusion about which sections of the population would fall above a cap.
